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Objective. The aim ol the pwcnt study was to evaluate ihe 
homodynamic and volume correlates af early diastolic filling and 
isovolumetric relaxation in patient5 with ilortic Itwos*. 
Bw~grwnd. l.eiI vrntrirutar dirstotic relaxaIio0 and iiiiina 
have been found to be hetorwenwus in patients with aortic 
stenasis. Potential mDchaoiams underlying. thb heterogeneity in- 
duds individual ditkrencw in the serori$ of muscle hyprtrophy 
or systolic dWunction. or both, in the m’e%nce and sewitr al 
tive of lift ventricular p&s&e IdPldtl, the-time constant of 
imvolumetric relaxation Om0, kft ventricular eod.diastolic PIPE. 
sure, left ventricular mass, lefl ventricular end-systolic s&c% 
mean cqtttary we-d@ pressure and pea* eorty (E, and MC ,A, 
trammitral tUItnp vetmilks. Patirnts were subclassified according 
to kh wntrkukr ejectian prforlnanee at rest and mean capillary 
wdge pressure. 
Resulls. Patients with normal ejection prformance and nor- 
Secondary myocardial hypertrophy is an adaptive mccha- 
nism that enables the chronically pressure-overloaded left 
ventricle to maintain ejection perfomnnce despite markedly 
abnormal loading conditions (I). Inadequate hypertrophy 
leads to excessive afterload and deterioration of ejection 
performance, whereas excessive hypertrophy results in de- 
mat mean capillary wedge prwure had a normal rate of isow& 
umetric left wntrkular prwure decay and an abnormal diastolic 
three variakks indepndentty predktive of the rate ol left wntric- 
ular prwure decay. The siogJe mast tmpoftant predictor of 
transmitrat dlling pattern was the pulrnofipn capilk.. wedge 
Dress”rr (II < o.o%at,. l0ttOwed tJ” the ton *entricular Drak 
&atiw db?dt (p = O.M)2). Tk sin& romt powerful predicts of 
the rate of reduction in kft vrntrkukr pressure waj left centric- 
ntar mm index (p < O.f!HJl). fcdlowed by end.systalic volume 
index (p = O.tUUtZ) and Ml ventricular p+ak negative dP/dt (p = 
0.0029). 
Conclusions. In patteats with aaritt stenmis ttR ventricular 
attina is erwntirdty detomtmd by Left atplnl preu~re. whpreas 
ik&metrie rtlaxati&n mire dmely drpnds on the severity of 
muscle hypertrophy and chambtr dilnttt. 
(J An Call car&l 1592&v:813-21) 
preaced contractility and. hence. reduced pump iunction 
(2-4). 
Although the effects of myocardial hyperirophy on left 
ventncular ejection performance are usually regarded as 
beneficial. various abnormalities of left ventricular relax- 
ation (5.6) and distensibility (7.8) have been observed in 
patients wnh pressure overload hypenrophy such as occurs 
in val~ular sonic stenosis or systemic hypertension (9). Left 
ventricular diastolic filling has been reported to be abnormal 
as well (10-14). Not all the reports have been concordant. 
Normal left ventricular pressure decay and distensibility 
have been noted in some patiems with severe sonic stenosis 
(5.1 I). The pattern of diastolic fil!ing has been found to be 
heterogeneous as well (10-14). varying from diastol;c filling 
occurring primarily during atrial systole to enhanced dias- 
tolic filling occurring during fhe rapid tilling period. in 
association with reduced atrial fil in.5 S&Wed mecha- 
nisms underlvina this heterogcneiry have included individual 
differences in the severity ofmu& hypertrophy or systolic 
dysfunction, or both Ml.1 I). in the presence and severity of 
mitral regurgitation (IS) and in the level of lefl atrial pressure 
(10.11,16). Obviously, the detemtinants of diastolic relax- 
ation and filling are multiple and complex in the setting of 
aortic stenosis. making it difficult to assess the cffccts of any 
single physiologic v&able if the other determinants if 
diastolic relaxation and filling are not considered simulta- 
neously in a multi&ate analysis. Results of such an inte- 
gx%ed approach to analysis of the determinants of diastolic 
relaxation and filling in patients with aortic stenosis have not 
previously been reported. 
Accordingly, the present study was designed to evaluate 
more comprehensively the hemodynamic and mechanical 
determinants of diastolic relaxation and filling in patients 
with pressure overload hypertrophy secondary to valvular 
aortic stenosis. Specifically, we investigated left ventricular 
relaxation and filling dynamics in 17 patients with isolated 
severe aortic stenosis combining hemodynamic, angio- 
graphic and Doppler echocardiognphic methods and incor- 
porated all bemodynamic and mechanical data available in a 
&dtiple linear regression model. The results of this analysis 
SUPPOR the contention that in patients with aortic stenosis, 
tt%smitral Blling dynamics are almost exclusively deter- 
mined by left atrial prcssurc, vtsreas overall left ventricular 
relaxation more closely depends on the amount of muscle 
hypertrophy and the severity of chamber dilation. 
Methods 
Study group. The study group comprised I7 patients (IO 
men and 7 women with mea” age of 66 t 7 years [range 52 
t 761) who were referred for hemodynamic evaluation 
of severe aortic stenosis, defined as an aortic valve area 
<0.75 cm2 at cardiac catheterization. All I7 patients were 
symptomatic (chest pain n = II. syocow n = I, dyspnea 
n = 7) but in stablk condition atthe >ttte of the-study. 
Patients with significant aortic regurgitation (grade >I at 
sonic root angiography), primary mitral valve disease, or 
both. were excluded. as were vatienls with atrial fibrillation 
and &gular sinus rhythm. Each patient was informed of the 
investigative ttature of the study, which had been approved 
by the Ethical Committee of our institution. 
Cntheterimticm procedure. Cardiac catbeterizatioa was 
performed by use of the percutaneous femora! approach with 
the patients in the fasting state. Cardioactive drugs, except 
sublingual nitroglycerin, were withheld for at least I2 h 
before the study. In all subjects, right and left heart hemo- 
dynamics were measured before any injection of contrast 
medium. Right heart and pulmonary anery pressures were 
measured with a fluid-filled 7F balloon-tipped thermodilution 
Swan-Ganr catheter (Edwards Laboratories), connected to a 
Statham p23 ID strain gauge. Cardiac output was determined 
by thermodilution. High fidelity left ventricular pressure was 
measured by means of a high fidelity-tip micromanometer 
(Camino Instruments) placed into the left vetttrirolar cavity 
tbroueh a conventional 8.3F fluid-tilled oietail catheter. In 
each iatient. an additional 6F fluid-fillkd‘pigtail catheter, 
connected to a Statham P?lID strain gauge, was placed in 
the ascending aorta, to allow computation of the instanta- 
neous aonoventricular pressure difference. Left ventriculog- 
mphy at 50 frames/s was performed from a single-plane 30’ 
right anterior oblique proj ction, and awtic root aagiography 
was performed in the 30” left anterior oblique projection by 
use of nonionic low osmolar contrast agents (Omnipaque 
350. Winthrop). Selective coronary an&grams were then 
obtained in multiple views. 
Doppler echoeardiognphy. M-mode, two-dimensional 
and Doppler echocardiograms were obtained before the 
catheterization procedure (within I h) in all patients. All 
examinations were performed with a Toshiba sonolayer u 
SSH-IM) bv use of a 3.5.MHz wide ande. chased array 
trznsdacer with 96 channels. All exam~oations were re- 
corded on a Panasonic NV 65W videorecorder and calcula- 
tions were made on-line, directly on the videoscreen by 
computerized planimetry, by means of a trackball. Siiulta- 
neously with the Doppler recordings, carotid pulse tracings 
were obtained and recorded on a strip chart recorder at a 
paper speed of 100 mmis. 
Data analysis. Lefi ventricular volumes were measured 
from the first well opacified sinus beat, excluding premature 
depolarization and the subsequent sinus beat. All measure- 
ments were performed within the 1st 5 beats after contrast 
injection, when the effects of contrast medium on myocar- 
dial function are nedieible (17). Left ventricular volumes 
were calculated at end-diastole (R wave of the electrocw 
diogmm (ECG]) and at end-syaole (minimal volume) by a 
standard Simpson’s method. Angiographic mitral regurgita- 
tion !vas graded on a scale of It to 4+ as previously 
described (IS). 
Hemodynamic data were contittuotts!y recorded on atta- 
log magneiic tape (Honeywell 101, Honeywell Infortttation 
Systems). They were digitized off-line every 2 ms on an HP 
A900 computer (Hewlett-Packard). The fir% derivative of 
the left ventricular pressure was computed after digital 
filtering with a recursive method implementing a sixth order 
Butterworth-type low pass filter with a bandwidth of SO Hz 
(-3 dB). 
Aortic valve area was calculated according to the Gorlin 
equation (19). Left ventricular end-diastolic pressure was 
obtained at the peak. of the R wave f&t the ECG. Left 
ventricular peak positive and peak negative t%st derivative 
of left ventricular pressure (dP/dt) were obtained from the 
first derivative of the left ventricular pressure signal. The 
time constant of left ventricular relaxation (20), att index of 
the rate of reduction in isovolumetric left ventricular pres- 
sure, was computedduringthe first4Oms afterpeaknegative 
dP/dt by fitting the pressure versus time data into a single 
exponential with zero asymptote relation by least squares 
methods (r ranging from 0.980 to 0.999). Left ventricular 
operational end-diastolic sti5ness was calculated as !he ratio 
of end-diastolic pressure to end-diastolic volume (21). 
M-mode echocardiography. M-mode echocardiographic 
recordings were obtained from the left pamsternal window 
and measurements were made according to the recommen- 
dations of the American Society of Echocardiography (22). 
In addition to these parameters and indexes of sys!;lic 
function. left ventricular mass (Penn convention) and merid- 
ional end-systolic wall stress were calculated bv use of the 
following equations: 
LVmas (21) = ([LVEDD + IVSth + PWth]) 
ESSm (24) = 1.33 x Pa x LVEDSll4 x PWth x 
(I + [FwhnVEOS],. 
where ESSm (piem*) = end-systolic meridional wall stress. 
IVSth (mm) = interventricular sepal thickness, LV = left 
ventricular, LVEDD (mm) = leti ventricular end-diastolic 
dimension, LVEDS (mm) = kti ventricular end-systolic 
dimension, Pes (mm Hg) = end-systolic pressure and PWth 
(mm) = posterior wall thickness. 
Carotid puke trwiugs. These were used tu obtain end- 
systolic pressure (25). Calibration was performed with as. 
signment of systolic cuff pressure to the peak attd dtastolic 
pressure to the nadir of the tracing. Linear interpolation to 
the level of the incisura was then performed to estimate 
end-systolic pressure. clood agreement between estimated 
(from calibfition of the carotid pulse tracings) and directly 
measured (during cardiac catheterization) end-systolic pres- 
sure in the present study (r = 0.87, p < 0.001) supports the 
validity of this approach. 
Transmitral tilting dvnamia. Pulsed wave Dooolcr re- 
cordings. with the Sam& volume positioned b&&n the 
mitral leaflets, were obtained from the a&al four-chamber 
view to ~SSCSE left ventricular filling d&an&. For each 
Doppler profile analyzed. the following variables were ob- 
tained: peak early (E) and late (A) trammitral filling veloci- 
ties (cm&. !heir ratio, the time-velocity inted of E and A 
waves (cm). their ratio and the atrial filling fraction ($6, 
calculated by dividing the component ime-velocity integral 
by the total time-velocity integral). The isovolumetric relax- 
ation period (ms, from sonic valve closure to beginning of 
transmitral inflow) and the time to peak filling rate (ms, from 
aortic valve closure to peak early trammitral filling velocity) 
were also computed. 
Statistical analysis. Data are expressed as mean value ? I 
SD. DiLrences between the different hemodynamic ondi- 
tiuns were assessed with the Student f test for unpaired data. 
The relation tietween hemudynamic indexes &d Doppler- 
derived transmitral filling data was asrcssed with linear 
regression analysis, the $annan rank correlation test or 
nonlinear least squares fitting techniques where appropriate. 
All functional and hemodynamic variables were included in 
a stepwise multiple regression model tu assess the pan- 
tially independent determinants of diastolic relaxation and 
filling. p values co.05 were considered indicative of a 
statistically significant difference. 
Results 
Individual clinical and hemodynamic characteristics for 
ear:, of the I7 patients are lintad in Table 1. 
.,;iient subgroup% To separate the study group accord- 
ing to chmcally ttsw’I odexes of diastolic and systolic 
Table 2. Hemodynamics and Lei Ventricular Function in 17 
htienir With A&c Stenosis Classified According 10 Pulmonary 
Capillary Wedge Pressure 
PCWP PCWP 
<IS mm Hg =I5 mm Hg 
(8 e 3 mm Hg1 06 2 9 mm tlg, 
I” = 10, ,” = 7, 
function, the pxtients were classified into subgroups accord- 
ing to the level of left vcrrtricular filling pressures (Table 2) or 
rest let? ventricular ejection fraction (Table 3). 
Influence of left atrial pressare on left ventricular diastolic 
tilliig (Table 2). The influence of left ventricular filling 
pressures on left ventricular diastolic filling ix the study 
group was tested by subclassifying the patients in:o groups 
with mean pulmonary capillary wedge pressure 2 and 
<I5 mm Hg. Figure I illustrates representative hemody- 
namic and Doppler transmitral velocity recordings obtained 
in a typical patient from each group. The patients with a 
pulmonary capillary wedge pressure 115 mm Hg had the 
most normal hemodynamic profile (Table 2). In these pa- 
tients, the peak negative dP/dt was higher (-2044 + 361 vs. 
-1610 + 370 mm Hgls, p < 0.05). and the time constant of 
left ventricular relaxation was shorter (34 + 7 versus 47 c 
IO ms, p i 0.01) than that in patients with a pulmonary 
capillary wedge pressure +IS mm Hg. Patients with a 
palmonary capillary wedge pressure <IS mm Xg also had 
lower peak early transmi:ral filling velociiies, lower ratio of 
early to late transmitral filling veiocities and larger atrial 
filling fractions than did patients with a pulmonary capillary 
wedge presswe nl5 mm Hg. 
Influence of systolic p&rmance on left vootricuhu dias- 
tollc orowrtles (Table 3). To evaluate the influence of left 
venthcuiar syst&c perfbrmance on diastolic relaxation and 
filling indexes, the study patients were classified into groups 
with a global ejection fraction Z and ~55%. Those patients 
with a reduced ejection fraction had the most abnormal 
hemodynamic profile (Table 3). In these patients. the time 
cons& of left-ventricular pressure decay-was longer (47 + 
I I wsus 35 + 7 ms, p < 0.01) than that in patients with a 
normal ejection fraction. Peak early transmitral tilling veloc- 
ity and the ratio of early to late trattsmitral filling velocity 
were also higher in these patients, whereas the contribution 
of atrial contraction to left ventricular filling was reduced 
compared with that in patients with the most normal ejection 
performance. 
Correlation between mitral Bow velocity and hemodyoamic 
variables (Table 4). Isovolumelric relaxation period. There 
was a significant inverse correlation between the duration of 
the isovolumetric relaxation period and the mean pulmonary 
capillary wedge pressure (r = -0.81) and left ventricular 
ejection fraction (r = 0.70). 
Peak early rronsmirrolJilling velocity CFig. 21. There W.S 
a significant correlation between peak early mitral inflow 
velocity and mean capillary wedge pressure (r = 0.93). Ihe 
time constant of left ventricular relaxation (r = 0.85) and the 
magnitude of mitral regurgitation (r = 0.74). A significant 
inverse correlation was observed between peak early trans~ 
mitral filling velocity and forward stroke volume (r = -0.71). 
Rnrio of early 10 lare rransmilraljilfing relociries (Fig. 2). 
There was a significant correlation between the ratio of peak 
early to peak late transmitral filling velocities and mean 
capillary wedge pressure (r = 0.96). let? ventricular end- 
diastolic pressure (I = 0.87). left ventricular ejection fraction 
(r = -0.89) and the magnitude of mitral regurgitation (r = 
0.84). 
Airid jhg frodon (Fig. 2). There was a significant 
inverse correlation between atrial filling fraction and mean 
pulmonary capillary wedge pressure CT = -0.82). left ven- 
tricular end-diastolic pressure (r = -0.77) and left ventricu- 
lar operational end-diastolic stiffness (r = -0.61). 
Mitral regurgilalion. The sevelity of mitral regurgitation 
correlated with mean pulmonary capillary wedge pressere 
ir = 0.53) zrd left venwicula: end-diastolic volume (r = 
0.75,. 
The time cmstont of left ventricularpresw~e decoy 0%. 
3). This value correlated strongly with left ventricular mass 
index (r = 0.81) and end-systolic volume (r = 0.78). 
M~driple regression analysis. This analysis identified two 
variables as independent predictors of the hansmitral velw 
PCWP ,mnq 
Figure 2. Relation between mean pulmonary capillary wedge pres- 
sure (PCWP) and selected Doppler indexes of left ventricular 
diastobc filling in 17 patients with sonic stenosis: Top. Peak early 
filling velocities (E wave). Cater. Atrial filling fraction IAFF). 
Bollam. Ratio of early to late transmittal fi ling velocity (E/A ratio). 
ity profile and three variables that independently predicted 
the rate of left ventricular pressure decay in patients with 
aortic stenosis (Table 5). The single most~imp&tanl predic- 
tor of transmitml filling pattern (E wave and E/A ratio) was 
pulmonary capillary wedge pressure followed by left ventric- 
Figure 5. Relation of the time constant of left ventricular pressure 
decay &au) with leR ventricular CV) mass (top) and end-systolic 
VOIYIIII index (ES”,) (bottam). 
Table 5. Stepwsc Multiple Linear Regression Analysis al Factors 
That Determine Dmstohc Relaxation and Filhng Dynamics 
CE wve, E/A ratio1 in 17 Patients With Amtic Stenosis 
--- 
f “due’ p Value 
I.” rCiaxat,o”+ 
L” rnllS 903.61 <o cwt 
L” end-ryrta,ic volume 524.7? owe* 
Peak t-wdl 79 99 I Pa9 
ular peak negative dP/dt. The single most powerful predictor 
of the rate of reduction in left ventricular pressure was left 
ventricular mass index followed by end-systolic volume 
index and left ventricular peak negative df’ldt. 
Discussion 
The results of our multivariate analysis indicate that in 
patients with severe aortic stenosis, most of the heterogene- 
ity in left ventricular diastolic filling is accounted for by 
individual differences in left ventricular filling Pressures, 
reflecting varying degrees of ventricular hypertrophy and 
systolic dysfunction. Patients with normal mean capillary 
wedge pressure and normal ejection performance demon- 
strated a typically abnormal pattern, with diastolic filling 
occurring primarily during atrial systole, whereas patients 
with elevated mean capillary wedge pressure presented with 
systolic dysfunction and diastolic filling ocwringessentially 
during the rapid filling period, in association with reduced 
atrial contribution to left ventricular tilling and a short 
isovolumetric relaxation period. These results are similar to 
those previously reported in patients with dilated (15.26) or 
hypertrophic cardiomyopathy (27) and ~uppat the concept 
that in patients with myocardial disorders the pattern of 
diastolic filling is closely related to the left ventricular filling 
pRSS”RX 
Hemodyoamic detetminants of diastolic Clling in awtic 
stenosis. Two separate events appear to determine the pat- 
tern of diastolic filling in patients with aonic stenosis and 
elevated filling pressures. The first is the increase in mitral 
valve opening pressure (that is, left atrial pressure at the time 
of mitral valve opening), which results in an increased early 
diastolic atrioventricular pressure difference and conse- 
quently in a faster rate and larger extent of early diastolic 
tilling. Experimental data from both normal (28) and abnor- 
mal (29) left ventricles as well as the results of the present 
study support this contention. The second event relates to 
pericardial130) and myocardinl(7~ restraining forces. lhese 
forces are likely lo be ar their greatest at the hme of atrial 
contraction. when both ventricles atlain their largest vol. 
ume. The reduced atrial contribution 10 left venlricular filling 
in patients with aorlic stenosis and a dilated, poorly comrac- 
tile left ventricle therefore might at least partially be related 
to a decrease in overall left ventricular distennibihty due to 
increased myocardial stiGnes% incrrased per&dial re- 
straint or a combination of these factory. The inverse rela- 
tion berween operatione’ left ventricular stiRness and atria1 
filling fraction in the present wdy supports this assumphon. 
The larger rapid tilling wave and the shorter decekrat~on 
time of early diastolic tilling in patients with elevated filling 
pressures are also suggestive of the presence ofa restrictive- 
like physiology (31). 
The mechanism underlying dimtolir filline abnormalities in 
patients with normal or nearly normal s&lie performance 
and filling pressures is much more pwly understood. The 
pattern oFdiastolic filling in these patients closely resembles 
the one previously reported in association with disturbed left 
ventricular relaxation such as occurc in systeme hypenen- 
sion (9). hypertrophic cardiomyopathy (271 or coronary 
artery disease (32-34). However. we observed no significant 
alterations in global eft ventricular pressure decay. The time 
constant of an assumed monoexponential IeR ventricular 
pressure decay reflecting the rate of left ventticuiar deprer- 
surization (20) was within the normal limits for our labora- 
tory (35). There findings are consonanr with those repaned 
by Murakami et al. (III. who also found a normal time 
constant of left ventricular prersure decay in patients with 
sonic stenosis and normal rest hemodynamics and left 
ventricular systolic function. Taken together. these observa- 
tions suggest that altered diastolic relaxation is not the 
primary event leading to reduced early filling in these pa- 
tients and that other factors such as age (36). slightly reduced 
filling pressures (37.38) or slightly increased left ventricular 
(39) or left atrial chamber stiffness due to increased left 
ventricular and perhaps left atrial mass might have contrib- 
uted as well. 
Role of mitral regttrgitatiin nod systolic function. Another 
important issue in the present study relates 10 the role of IeR 
ventricular systolic dysfunction and mitral regurgitation in 
detemdning diastr!ic events in patients with severe aortic 
stenosis. It was recently suggested (40) that mitral regurgi- 
tation could be an early sign of left ventricular dysfunction 
and could contribute to the symptoms of congestive heart 
failure in patients with sonic stenosis. The present findings 
confirm the association between left ventricular systolic 
dysfunction and mitral regurgitation in the presence of 
severe aortic stenosis. In addition. our data suggest a role for 
mitral regurgitation in triggering the increase in left atrial 
pressure and in detemtining the pattern of left ventricular 
filling in this setting. 
We cannot entirely dismiss the possibility that mitral 
regurgitation was a primary event. However, particular care 
was taken to exclude patients with an abnormal mitral valve 
or wth annular calcifications. In addition, because both the 
prew~c and the severity of mmal regurgilation closely 
paralleled the amount of left ventticular hypertrophy and the 
scvcnty of left ventric;llar chamber dilation. it seems rea- 
wnable to attribule both to changer in left ventric;?lar and 
mmal amdus geornetiy rather than 10 primary changes in 
mitral valve competence. 
Diastolic relnxatitm in mrtic stenosis. Prolonged lrft yen- 
tricular pressure decay has been reported previously in 
paoentr wth borh Idiopathic and pressure overload types of 
left ventricular hypenrophy (56.41). In these patients, ab- 
normalities in diastolic relaxation have wually been ex- 
planed by a failure of myocardial inact;w;cn (42). a change 
in contraction and relaxation loads (41). an iacreae in 
temooral and regional nonuniformity (43) or a combination 
of these factors. In the preseot study, however, not every 
patient with severe aortic stenosis and left ventricular hy- 
pertrophy had significant diastolic relaxation abnormalitier. 
Indeed. only the parients vith depressed left ventricular 
systolic performance and a large increase in left ventricular 
mass had prolonged left ventricular isovolumetric pressure 
decay. whereas those patients with the most normal systolic 
performance usually had normal rates of left ventricular 
isovolumetric depresrwization. 
To determine which factor most likely influenced dias- 
tolic relaxation in these patients. all the mechanical and 
hemodynamic variables available were included in a step- 
wise multiple regression model. The results ofthis mul!iv&- 
ate analysis indicated that differences in end-svstolic volume 
and in the amount of left veniricular hypertrophy accounted 
for the heterogeneity of diastolic left ventricular pressure 
decay seen in patients with severe aortic stenosis. It has 
been reported that in normal myocardium, smaller end- 
systolic dimensions resu!! in augmented internal restoring 
forces and elastic recoil of the left ventricular wall (44.45). 
Such elasfic recoil is consistent with a load-dependent relax- 
ation pattern, which makes myocardial engthening sensitive 
to small loading changes imposed by internal restoring 
forces. Our results are thus consistent with a preserved load 
dependence of isovolumetric ventricular relaxation in pa- 
tients with sonic stenosis. They do not. however, exclude 
the possibility that inactivation-dependent mechanisms may 
contribute as well. In fact. the results of the multivariate 
analysis indicate that in addition to left ventricular end- 
systolic olume. the severity of myocardial hypenrophy 
itself is another independent predictor of isovolumetric 
relaxation. Because myocardial hypertrophy has been asso. 
ciated with subendc-ardial ischemia (46) and abnomnl 
myoplasmic calcium handling (47). two conditions known to 
alter myocardial inactivation, the present findings suggest 
that inactivation-dependent mechanisms also play a role in 
tuning the rate of left ventricular isovolumetric depressur- 
ization to patients with sonic stenosis. These ~~n~lo~t~ns 
are in agreement with those recently reached by Paulus et al. 
(6.48). who observed worsening oflcft ~enlricular elaxation 
and fasr filling. despite smaller end-systolic dimensions, after 
postextrasystolic pote&tion and after a wide range of load 
shifts induced by sequential aortic valvulaplas~y and arterial 
vasodilation (48) in patients similar to our group. 
Study limitations. In this study, 14 patients had grade I 
aortic regurgitation at amtic root angiogmphy. Although 
severe regurgitation can intluencr transmitral filling dynam- 
ics (49). it is unlikely our rest~ts were affec!ed by the very 
mild regurgitation present in these patients. 
lsovolunerric left vemriculor pressure decay was as- 
sessed by fitting the pressure versus time data into a single 
exponential with zero asymptote relation. This model has 
been shown to be accurate in defining the time constant tau 
in most patients without ongoing myocardial iwhemia. How- 
ever, recent observations have challenged this contention, 
suggesting that exponential decay with a floating asymptote 
(50) or more sophisticated models (51) might be more appro- 
priate, particularly in patients with left ventricular hypertro- 
phy. In the present study, the correlation coefficients of the 
monwxponential fit on the left ventricular pressure decay 
were always >0.996, indicating only minor, if any, deviation 
from a monoexponential decay. 
Our study was performed without autonomic blockade. 
Accordingly. the relation between tau and end-systolic vol- 
ume might reflect less sympathetic drive or restwnse in 
p&&with large end-sy&c volume rather than a direct 
effect of end-systolic volume on diastolic relaxation. There 
was, however, no difference in heart rate among the different 
groups. It is therefore likely that the observed relation was 
not solely the consequence of differences in sympathetic 
drive and that altered left ventricular geometry must have 
contributed as well. 
Conclusions. Left ventricular relaxation and filling 
dynamics are heterogeneous in patients with aortic stenosis, 
reflecting different degrees of left ventricular hypertrophy, 
systolic dysfunction and filling pressures. In these patients, 
the transmitral velocity profile is almost exclusively deter- 
mined by the left atrial pressure. whereas overall left ven- 
tricular relaxation depends more closely on the amount of 
muscle hypertrophy and the severity of chamber dilation. 
These observations might provide the basis for the noninva- 
sive assessment and follow-up of left ventricular filling 
pressares in such patients. 
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